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PREFACE
This report covers the activities of the Midwest Research Insti-
tute's Biomedical Applications Team during August, September and October
1967. These activities were supported by NASA Contract No. NASr-63(13).
The work was directed by David Bendersky, under the general
supervision of Paul C. Constant, Jr., Manager of Technology Utilization.
Other MRI team members who contributed to the reported activities are:
Dr. Thomas R. Castles, Edward T. Fago, and James K. West. Consultants at
the participating medical and bioengineering schools are Dr. John W. Trank,
University of Kansas Medical Center; Dr. William G. Kubicek, University of
Minnesota Medical School; Dr. Alfred W. Richardson, St. Louis School of
Medicine; Mathew L. Petrovick, Northwestern University Medical School;
Dr. Harry Ludwig and Dr. Robert Swarz, University of Wisconsin Medical
Center; Dr. James B. Reswick, Case Western Reserve University and Blair A.
Rowley, University of Missouri Medical Center.
Approved for:
MIDWEST RESEARCH INSTITUTE
Harold L. Stout, Director
Engineering Division
16 November 1967
w
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I. INTRODUCTION
The objective of this project is to transfer aerospace generated
technology to applications in the non-aerospace medical field. In the
course of its concern with the well being and functional capabilities of
man in aerospace environments, the National Aeronautics and Space Adminis-
tration has generated an extensive amount of science and technology per-
taining directly to the medical field. In addition, the aerospace program
has led to the development of technical innovations which may be applicable
to the solution of medical equipment problems.
To efficiently transfer applicable science and technology from
the aerospace program to the medical field requires the establishment and
conduct of an orderly and effective procedure. The procedure developed by
the MRI Biomedical Applications Team consists of five basic steps. The
first step is the definition of specific medical problems. These problems
are obtained from the research staffs at medical and bioengineering schools.
The second step is the identification of aerospace-generated technology
which offers potential solutions to the medical problems. The identifi-
cation is done through literature searches, circulation of abstracts of
the problems to the NASA research centers and to aerospace contractors,
and personal contacts. The third step is the modifications which may be
required to adapt the original technology to the medical problem. The
fourth step is the evaluation of the technology by the medical and bio-
engineering researchers who submitted the problem. The final step is the
dissemination of the information on successful transfers.
Seven medical and bioengineering schools are presently asso-
ciated with the MRI Biomedical Applications Team project. These schools
are the University of Kansas Medical Center, Kansas City, Kansas; St. Louis
University School of Medicine, St. Louis, Missouri; the University of
Minnesota Medical School, Minneapolis, Minnesota; Northwestern University,
Evanston, Illinois; the University of Wisconsin Medical Center, Madison,
Wisconsin; Case Western Reserve University, Cleveland, Ohio; and the
University of Missouri Medical Center, Columbia, Missouri.
The earlier activities of the MRI Biomedical Applications Team
were conducted and reported l,2/ under two previous contracts. The pre-
vious activities under the present contract are reported in the first
quarterly report.-3/
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II. ACTIVITIES ON MEDICAL PROBLEMS
The following problems, submitted by the research staffs at the
cooperating medical and bioengineering schools, were pursued during this
report period.
A. University of Kansas Medical Center
Electrocardiogram Electrodes Problem No. KU-1: The successful
application of the NASA spray electrodes4 to the recording of electro-
cardiograms on children under exercise conditions was presented at the
Seventh International Conference on Medical and Biological Engineering,
Stockholm, Sweden, August 14-19, 1967. A digest of the presentation is
given in Appendix I.
Drs. R. Lauer and J. Trank, University of Kansas Medical Center,
prepared a paper on the work they have done with these electrodes, which
has been accepted for publication in the Journal of Applied Physiology.
Information on these electrodes was requested by and furnished
to the Texas Institute for Rehabilitation and Research, Houston, Texas;
Medical Electronics News, Pittsburgh, Pennsylvania; Dalhousie University,
Halifax, Nova Scotia; University of Lund, Lund, Sweden; Research Institute
for Medical Electronics, Prague, Czechoslovakia; University of Cape Town,
Cape Town, South Africa; and Children's Research Center, University of
Illinois, Champaign, Illinois. The replies to the foreign countries were
sent to NASA Headquarters for transmittal.
Measurement of Oxygen and Carbon Dioxide During Respiration,
Problem No. KU-2: An oxygen consumption rate computing system has been
developed at the University of Minnesota
—Y
 under a NASA contract, which
is capable of being used for breath to breath analysis of oxygen and car-
bon dioxide as required in Problem KU-2. Gas analysis is accomplished by
means of a quadrupole mass spectrometer which provides a complete quanti-
tative and qualitative analysis of the respiratory gases every 20 milli-
seconds. An analog computer is used for "on-line" computation of oxygen
consumption. The application of this system to Problem KU-2 was discussed
at a meeting of Drs. Kubicek and Mosharrafa (University of Minnesota),
Drs. Lauer and Trank (University of Kansas), and Messrs. Bendersky and West
(MftI Biomedical Applications Team), which was held at the University of
Kansas on October 24th. Dr. Lauer expressed an interest in evaluating
this system for Problem KU-2.
	 Dr. Kubicek indicated that a miniaturized,
solid state model, now under design and construction, is expected to be
completed early next spring.
r
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Literature on an oxygen analyzer developed by the Westinghouse
Scientific Equipment Department was obtained and forwarded to Dr. Lauer.
This instrument uses a galvanic cell consisting of a calcium-stabilized
zirconium oxide electrolyte with porous platinum electrodes. At operating
temperatures, oxygen molecules on the high oxygen pressure side of the
cell (anode) gain electrons to become ions which enter the electrolyte.
Simultaneously, at the other electrode (cathode), oxygen molecules are
formed by the reverse action. The cell voltage is proportional to the
ratio of the partial pressure of oxygen in the cell and the partial pres-
sure of the ambient oxygen. The response time of the cell is claimed to
be only 1 millisecond.
Photographic Technique for Body Cavities, Problem No. KU-21:
Dr. A. S. Wolkoff, Department of Obstetrics and Gynecology, University
of Kansas Medical Center, reported that one of the references6/ furnished
by the MRI Biomedical Applications Team is promising for photographing
internal body cavities. He plans to use the technique for intra-uterine
visualization for fetal transfusion, culdoscopy, and animal (pregnant ewe)
research.
Cardiac Output Measurement, Problem No. KU-24: An impedance
cardiograph system has been developed at the University of Minnesota for
NASA?I which may be a solution to Problem No. KU-24. Four special strip
electrodes are placed around the neck and chest. An electrical charge is
induced through two of the electrodes. The electrical charge produced
across the other two electrodes appears to be related to the amount of
blood pumped by the heart. Test models of this system are being constructed
for further evaluation, which are expected to be ready in November 1967.
At a meeting held at the University of Kansas Medical Center on
October 24, 1967, Dr. Kubicek, University of Minnesota, described the
system and arrangements were made for one of these units to be evaluated
by Dr. Lauer at the University of Kansas Medical Center.
Blood Pressure Measurement During Exercise Problem No. KU-25:
A blood pressure measuring system8 developed for the NASA Manned Space-
craft Center (.MSC) had previously been given a preliminary evaluation at
the University of Kansas Medic^1 Center, and satisfactory results were
obtained on several subjects.3 During these tests, the unit became
inoperative and was returned to MSC for repair. We were informed that the
WC unit would not be available for further evaluation. Since the pre-
liminary tests of this unit were promising, inquiries were made and liter-
ature was obtained on a commercial unit-9/ which operates on the same prin-
ciple as the MSC unit. The literature on the commercial unit was for-
warded to Dr. Lauer at the University of Kansas Medical Center, for his
evaluation.
3
Chronic Intracranial Pressure Measurement, Problem No. KU-26:
A suggested solution to the chronic measurement of intracranial pressures
was received from the Lewis Research Center. The suggestion is to drill
a hole in the skull, mount an external pressure gage, and transmit the
skull pressure to the gage through a packing of silicone grease or through
a Teflon piston.
A miniature pressure telemetry system developed at the NASA
Ames Research Center107 (ARC) was identified as a potential solution to
this problem. Unfortunately, no unit is available from ARC for evaluation.
The Electro-Optical Systems Company, Pasadena, California, is now in the
process of commercializing this system.
Massey and Kavra ll describe a miniature pressure transducer
which appears to be applicable to this problem.
The suggestion from the Lewis Research Center, literature on
the Electro-Optical system, and a copy of the Massey-Kavrah paper were
sent to Dr. Brackett, University of Kansas Medical Center, for evaluation.
B. St. Louis Universitv School of Medicine
Measurement of Tremors and Muscle Reflexes, Problem No. SLU-7:
Sister M. Agnita Claire, St. Louis University, reported that her studies
of tremors and wide arm reflexes, using the MRI muscle accelerometer, are
continuing with good results. Two additional accelerometers were sent to
Sister Claire for use in the wide arm reflex study.
Dr. W. Waring, Rancho Las Amigas Hospital, Downey, California,
requested information on the muscle accelerometers. Dr. Waring's group
is involved in studies of neuromuscular dysfunction and rehabilitation.
Sister Claire sent Dr. Waring a description of the work she is doing with
these accelerometers. A copy of Sister Claire's letter is given in
Appendix II. Information on these accelerometers was also requested by
and sent to Dr. R. Contini, New York University, New York, New York; and
Dr. R. E. Herron, University of Illinois, Champaign, Illinois.
The Measurement of Cranial Nerve Potentials, Problem No. SLU-15:
At the Ames Research Center work has been conducted on the measurement
of nerve action potentials. 2/ Although the technique has been used only
on frogs, the electrode technique may be adaptable to the measurement of
cranial nerve potentials in humans. A copy of the Ames report was sent
to Dr. A. B. Hertzman, National Institute of Health, who submitted the
problem while at St. Louis University School of Medicine.
M
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C. Universitv of Minnesota Medical School
Sterile Operating Rooms, Problem No. UM-1: Four NASA-related
items were identified as potentially applicable to the design and opera-
tion of sterile operating rooms. A system for providing clean and steri-
lized air for surgical rooms, based on the Gemini spacecraft system, was
submitted by A. Ignatonis, of the NASA Marshall Space Flight Center. The
suggestion is shown in Appendix III. A Sandia Corporation report1V was
obtained which describes tests on a laminar-flow clean room, and shows
the extreme efficiency of laminar-flow systems in reducing airborne viable
particles to an absolute minimum. A NASA-supported study of clean room
technology was repbrte 14 by the School of Public Health, at the Univer-
sity of Minnesota. An improved atmospheric particle analyzer, developed
for the 	 Electronics Research Center, is described in a NASA Tech
Brief. 15
 Information on these four identified NASA related items was
sent to Dr. Kubicek, University of Minnesota, for evaluation.
Dr. Kubicek reported that the suggestion from MSFC is "excellent"
and the Sandia report is "good." Dr. Varco, Department of Surgery, Uni-
versity of Minnesota, has hopes of building sterile operating and recovery
rooms. However, the department is undergoing reorganization, so that
although this project is active, its status is uncertain for the immediate
future.
Measurement of Bone Distortion, Problem No. UM-8: An investi-
gation to measure the mechanical properties of bones in animals and humans
has been initiated at the University of Minnesota Medical School by Drs.
M. Tascon and M. Mosharrafa, due largely to references which were supplied
by the MRI Biomedical Applications Team. These references include descrip-
tions of a miniature stress transducer developed at the Jet Propulsion
Laboratoryl6 17 and a description of an electromechanical transducer
developed at , the Henry Ford Hospital, Detroit, Michigan.18
Microcirculation Measurement Problem No. UM-10: Two references
on microcirculation	 supplied by the MRI Biomedical Applications
Team, were evaluated as "very good" at the University of Minnesota. The
techniques described in these references are being considered for use in
a drug evaluation project by Dr. G. Zaki, University of Minnesota.
Muscle Heat Measurement, Problem No. UM-11: Dr. W. G. Kubicek,
University of Minnesota Medical School, reported that the literature
search which had been made on Problem No. UM-11 was helpful in reaching
a decision to abandon this investigation due to the great technical dif-
ficulties.
5.
Electrocardiogram Zero Shift Elimination, Problem No. UM-12:
Two suggestions for possible solution to electrocardiogram zero shift
elimination were received in response to the circulated problem abstract.
One suggestion was from I. Warshawsky, Lewis Research Center, which in-
volved the use of a simple electrical filter technique. This suggestion
was forwarded to Dr. Kubicek, University of Minnesota, for evaluation.
Dr. Kubicek does not consider the suggestion as applicable to this problem
because of overlapping frequencies involving both zero shift and low fre-
quencies contained in electrocardiograms. The second suggestion was from the
Argonne National Laboratory. A request for details of the suggested tech-
nique was sent to the Office of Industrial Cooperation at the Argonne
Laboratory.
D. Northwestern University Medical School
Measurement of Temporomandibular Joint Action, Problem No. NU-1:
A cost estimate is being made by Mathew Petrovick, for Dr. R. Cole, North-
western University, for a system to measure temporomandibular joint action
using the NASA Ames triaxial accelerometer.21/
Electroencephalogram Telemetry, Problem No. NU-3: There are
several studies in progress at the Northwestern University Institute for
Language Disorder in which there is a need for an EEG telemetry system.
One study involves the measurement and analysis of brain waves from a
single subject subjected to preprogrammed visual stimuli. Difficulties
are being experienced with the hard-wire system now being used. Another
study is concerned with the brain wave response of a group of children in
a natural learning environment. Since the children should be free to
move around, an EEG telemetry system is needed.
A preliminary evaluation of the NASA Ames EEG helmet telemetry
system2 /
 indicates that this unit would be directly applicable to the
Northwestern University problems.. Unfortunately, neither a complete unit
nor any of the components of the NASA helmet are available. An estimate
of the costs to fabricate an experimental helmet for evaluation at North-
western University is now in progress.
Phonocardiograph Microphone, Problem No. NU-4: The NASA micro-
phone,23/ obtained from the Manned Spacecraft Center, was evaluated at
Northwestern University Medical School. It was found that this microphone
would not detect heart sounds. A description of the evaluation is given
in Appendix IV.
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E. University of Wisconsin Medical Center
Delivery of Moisture and Medication to the Respiratory Tract,
Problem No. UW-1: A system for delivering water and medication to the
respiratory tract was conceived by the MRI Biomedical Applications Team,
based on the respirometer helmet which was previously developed to collect
exhaled breath (Problem No. KU-5). A sketch of this system is given in
Appendix V. Dr. A. Siebens, Director of the Rehabilitation Center at the
University of Wisconsin Medical Center, expressed an interest in this
system. A respirometer helmet was sent to Dr. Siebens for his evaluation
of the suggested system.
E yeblink Measurement, Problem No. UW-2: The NASA photoelectric
sensor24
 may be applicable to the measurement of eyeblink. It is pro-
posed to coat the eyelid with an infrared absorption material and focus
the infrared source on the eyeball. As the eyelid closes, the difference
in the amount of infrared energy reflected from the eye and that from the
coated eyelid will be picked up by the infrared sensor and used as a
measure of eyeblink. Dr. L. E. Ross, Department of Physiology, expressed
an interest in this system as a possible solution to Problem No. UW-2.
The Hayes International Company, developer of the device, was contacted
and arrangements were made to obtain one of these devices for evaluation
at the University of Wisconsin Medical Center.
Measurement of Body Motion, Problem No. UW-4: This is a new
problem, submitted by Dr. M. E. Kaufman, Center on Behavioral Disabilities,
University of Wisconsin. One of the behaviors of severely mentally re-
tarded children is body rocking, which involves rhythmic swaying of the
torso from front to back and from side to side. Apparatus for the measure-
ment of this body motion is desired. A description of this problem, as
received, is given in Appendix VI.
The MRI muscle accelerometer, previously developed as a solution
to Problem No. SLU-7, is a potential solution to Problem No. UW-4. In-
formation on the muscle accelerometer and two experimental units were sent
to Dr. Kaufman for evaluation.
Measurement of Infant Motor Activity, Problem No. UW-7: This
is a new problem, submitted by R. Heber, Director of the Center on Be-
havioral Disabilities, University of Wisconsin. A small device for meas-
uring infant motor activity is needed. The device is to be attached to
the infant'swrist or ankle without causing interference of movement. A
description of this problem, as received, is given in Appendix VI.
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The MRI muscle accelerometer, previously developed as a solution
to Problem No. SLU-7, may be applicable to Problem No. UW-7. Information
on the muscle accelerometer and two experimental units were sent to R. D.
Honeycutt, University of Wisconsin,for evaluation. Literature on two
small commercial telemeters to transmit the motion signals was also sent.
Apparatus for Learning Research, Problem No. UW-5; Monitoring
for Auditory Stimulation and Infant Vocalization, Problem No. UW-6; Timing
Devices, Problem No. UW-8; Temperature Telemetry for Monkeys, Problems
Nos. UW-10 and UW-11; Apparatus for Infusion of Fluid into Small Animals,
Problem No. UW-12; Sound Receiver for Ear Attachment, Problem No. UW-13;
Urination and Defecation Devices, Problem No. UW-16; Improved Method for
Placing Microelectrodes in the Brain, Problem No. UK-18; Exercise Apparatus
for Decorticate Monkeys, Problem No. UW-19: Ten additional new problems
were submitted by the research staff at the University of Wisconsin Medical
Center. Descriptions of these problems, as received, are given in Appen-
dix VI. Computerized literature searches were made on each problem. Per-
tinent reports have been ordered for further evaluation.
F. Case Western Reserve University
Miniature Motors and Batteries for Prosthetic Devices. Problem
No. CI-1: R. J. Loring, Cybernetic Systems Group, Case Western Reserve
University, reported that he plans to use thenformation contained in the
NASA technology handbook on space batteries, 25 previously sent to him,
to design miniature rechargeable systems for prosthetic devices.
Centrifuge Effects on Cardiovascular System, Problem No. CI-6;
Analog and Mathematical Modeling of the Human Heart Rate Control System,
Problem No. CI-7; Effects of Posture on Cardiovascular System, Problem
No. CI-8: L. Hamilton, Case Western Reserve University, reported that
nine of the references listed in the computerized literature search on
Problem No. CI-6 have a high degree of relevance to the problem and he is
planning further study of these references. He also reported that the
computerized literature searches on Problem CI-7 and CI-8 have a high
degree of relevance and confirm literature searches which he had person-
ally made.
G. University of Missouri Medical Center
The University of Missouri Medical Center, Columbia, Missouri,
joined the MRI Biomedical Applications Team project during this report period.
Initially, we will be serving the Missouri Regional Medical Program at
8
the University. This is a federally supported, statewide program aimed at
early diagnosis and treatment of heart disease, cancer, and stroke. The
first problems submitted by this group are:
Measurement of Effects of Magnetic and Electrical Fields and
Currents on Living Cells, Problem No. MU-1; Automatic Recording of Heart
Sounds, Problem No. MU-2; Hemodynamic Impedance of the Vascular System,
Problem No. MU-3; Automatic Blood Pressure Measurements, Problem No. MU-4;
Cardiac Catheters, Problem No. MU-5; Changes on Formed Elements of Blood,
Problem No. MU-6; Differential Pressure Blood Flow Measurements, Problem
No. MU-7: Descriptions of these problems, as received, are given in Appen-
dix VII. Computerized literature searches will initially be conducted on
these problems.
III. MISCELLANEOUS ACTIVITIES
A visit was made to the University of Wisconsin, Madison, Wis-
consin on August 14, 1967. David Bendersky met with Dr. R. Heber, Director
of the Center on Behavioral Disabilities and other members of the research
staff at the University Medical Center. Sixteen additional problems (UW-4
thru UW-19) were submitted by the research staff.
David Bendersky attended a NASA-SRS meeting in Washington, D.C.
on August 18, 1967. The relationship of the MRI Biomedical Applications
Team and SRS-sponsored groups at the University of Wisconsin and Case
Western Reserve University was discussed. It was agreed to continue this
relationship.
On August 22, 1967, Paul Constant and David Bendersky met with
Dr. Vernon E. Wilson, Executive Director of Health Affairs at the Univer-
sity of Missouri, Columbia, Missouri,to discuss the possible participation
of the University of Missouri in the Biomedical Applications program.
Dr. Wilson subsequently notified us that they would like to participate
in the program and assigned Blair A. Rowley, Biomedical Engineer, to be
their contact. A second meeting was held October 11, 1967, at which the
detailed procedures were discussed with Mr. Rowley.
Dr. Kubicek, University of Minnesota reported that NASA Tech
Brief 67-10052, an adjustable hinge to permit movement of knees in plaster
casts, may be of use in the Department of Orthopedic Surgery and Physical
Medicine. Also, Tech Brief 66-10626, a hydraulically controlled flexible
arm may be of use in rehabilitation of the physically handicapped.
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Information collected on Problems Nos. KU-25 and KU-26 were
sent to Dr. Ray Ware, Director, SRI, Biomedical Applications Team, for
possible use on their Problems Nos.. SRS-1 and GLM-5, respectively.
A request for techniques which could be used to measure pressures
in a cow's rumen was received from the Department of Dairy Husbandry at
the University of Missouri. Literature was sent on the pressure telemetry
system offered by Electro-Optical Systems, which is based on the NASA
Ames Research Center Flash Sheet ARC-74.
General information on the Biomedical Applications Team program
was requested by and sent to the Cox Coronary Heart Institute, Kettering,
Ohio, and the Indiana University Medical Center, Cardiopulmonary Labora-
tory, Wright Patterson Air Force Base, Ohio.
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APPENDIX I
A MUSCLE ACCELEROMETER AND SPRAY-ON
ELECTROCARDIOGRAM ELECTRODES
Digest of presentation given at the 7th International
Conference on Medical and Biological Engineering, Stockholm,
Sweden.
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FRIDAY, AUGUST 18, AFTERNOON	 HALL B
SESSION 31 TECHNIQUES IN ELECTROCARDIOGRAPHY
31-7	 A Muscle Accelerometer and Spray-on Electrocardiogram Electrodes
D. Bendersky
Engineering Division
Midwest Research Institute
Kansas City. Missouri, U.S.A.
Two medical instrumentation problems were re-
cently solved by the application of engineering
technology originally developea for the U.S. space
program. The first problem was to provide an ac-
curate and convenient method for measuring limb
muscle reflexes. The second problem was to pro-
vide electrocardiogram electrodes which will give
"clean" records under exercise conditions.
Muscle Accelerometer. In earlier postural re-
flex studies, difficulty was experienced in ac-
curately and conveniently measuring limb reflexes
To overcome this problem, a special muscle ac-
celerometer was developed, using a piezo beam de-
sign (Fig. 1) similar to that used in a micro-
meteorite detector.2 A steel ball is fixed to the
free ena of a piezo crystal cantilevered beam.
Changes in velocity cause the piezo beam to de-
flect, creating an electrical signal proportional
to the beam deflection. The unit is tied to the
subject's middle finger and the signal is recorded
on a conventional pen recorder (Fig. 2).
PIEZO CRYSTAL
RUBBER DAMPER	 CONTACTS
STEEL BALL	 COAXIAL CABLE
PLASTIC NOUSING-
MOUNTING SURFACE
Fig. 1. Construction of muscle accelerometer.
Fig. 2. Experimental system for measuring arm
reflex movements. A muscle accelerom-
eter is mounted on each hand.
This muscle accelerometer was used on both nor-
mal subjects and neurological patients to measure
the reflex movements of their arms. Preliminary
results show that the reflex movements of the arms
are reproducible, the position of the head effect$
the arm movement pattern, and neurological
patients produce distinct individual patterns
which may be of considerable importance in the
diagnosis of neurolo,, ica.l disorders.
Spray-on Electrocardiogram Electrodes. Under
rigorous exercise conditions, difficulty is often
experienced in obtaining good electrocardiograms
due to motion artifacts generated by conventional
disk electrodes. A new technique for applying
electrodes, originally developed for instrumenting
14ASA test pilots,3 was recently evaluated on chil-
dren. The technique consists of spraying a con-
ductive mixture over the end of the,electrocar-
diograph wires and onto the skin. A solvent in
the mixture evaporates quickly leaving a thin,
flexible layer of conductive material which firmly
holds the lead wire in contact with the skin.
The technique was tested on 1,000 children
(Fig. 3)• A simple spray device was developed to
apply the electrodes. The cnildren rode bicycle
ergometers and ran oil treadmills while electro-
cardiograms (Fig. 4) were taken without difficulty
aue to motion artifacts.
Fig. 3• Spray-on electrocardiogram electrodes
being applied.
411 1
Fig. 4. Electrocardiogram taken with spray-on
electrodes.
1. DAY, M.A.C., Nursing Research (1964).
2. ROGALLO, V.L., NASA Tech. Tuil. Report
SP-5007 (May 1964).
3. PATTEN, C.W., RAMmE, F.B., and ROMAN, S.
NASA Tech. Note p- 3414 (May 1966) .
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APPENDIX II
LETTER FROM SIS'T'ER CLAIRE TO DR. WARING
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Glennon Hall
1401 xxxx
September 29, 1967
Dr. Worden Waring	 C
Principal Investigator
P
Human Systems Design Center
	 Y
Rancho Los Amigos Hospital
Attending Staff Association
12826 Hawthorne Street
Downey, California 90242
Dear Dr. Waring:
David Bendersky of the Midwest Research Institute has written to ask me
to send you information on our work with the MRI accelerometers. This I
am happy to do, for I note from the copy of your letter to Mr. Bendersky
that you are interested in many of the same areas in which I am interested.
I have been studying postural reflex reactions over a period of years --
particularly those induced by the neck and labyrinthine reflexes (tonic
or otherwise). I do not know whether you are familiar with the methods of
demonstrating these reflexes, so I am enclosing a copy of information
that was put together for a T.V. demonstration {closed circuit) at the
annual scientific meeting of the Aerospace Medical Association held in
Washington, D.C. last April. It is rather sketchy in detail, but will
give you some notion of one aspect of our project.
Up to the time that we experimented with the accelerometers we had been
attempting to study these reactions by cinematography, direct observation,
etc., but had no real way of quantifying them. The accelerometers have
made it possible to record reflex reactions in a number of different ways,
as well as to time the movements accurately.
Since it is so difficult just to describe the records we have been getting,
I have made a sample set (on myself) of a few basic reactions so you can
see what they actually look like. We have found that not only the cyclic
arm movements are affected by the position of the head, but the pattern
of normal tremors is also affected by changes in position (tonic neck and
labyrinth reflexes). They are also affected by movements of the head,
i.e. during the movement, but we are trying to familiarize ourselves with
the static responses first.
17
To refer you to the sample records:- Number I gives you the calibration I
have been using on a Sanborn Twin Viso Recorder, since this is an amplifi-
cation that is easy to see and to work with. The two accelerometers used
here have the same sensitivity so the record of the two arms can be com-
pared with considerable validity. I have tried to mark the records so
that you can tell what is happening. Number I also shows the tremor re-
cordings at speeds of 2.5 mm/sec. and 25 mm/sec. with attenuation at X-20.
If one is only interested in the amplitude of the tremor the slow speed
is O.K., but if one is also interested in the wave forms and in counting
tremor rates the faster speed is necessary.
I have also found that to eliminate 60 cycle currents and other artifacts
I get the best results by not only grounding the machine, but also myself
(or other subject) to the machine. I use a small alligator clip fastened
to my metal wrist watch band. This in turn is fastened to a double cable
with two alligator clips which I can fasten to the metal handles on the
recorder. (I don't believe it really makes much difference which part of
the machine serves as a ground as long as it is metal!) To avoid movement
artifacts I run the cords of the accelerometers under a rubber band at the
wrist and also secure them above the elbows. This prevents the cords from
dragging on the accelerometers and introducing unwanted."wiggles".
Record II shows the effect of one of the neck reflexes, i.e.,horizontal
rotation of the head to the right, on the amplitude of the normal tremor.
You can see that the amplitude is increased somewhat in both hands, but
particularly on the right. This is what I would expect, for in order to
maintain the arms in the forward horizontal position one is resisting the
stretch reflexes which tend to pull them outward. I could only postulate
this reaction previously, but the accelerometers demonstrate it objectively.
Since the usual effect of rotation of the head horizontally to the right
is the rapid horizontal abduction and adduction of the right arm, it is
taking greater muscular effort (increased tone, if you will) to prevent
the reflex movement than it does on the left where the usual tendency is
toward a stationary position of the left arm during right rotation.
Records III, IV, and V are short strips cut from a much longer record
which shows this same effect at rapid paper speeds.
Record VI shows the type of pattern one gets with vertical abduction and
adduction of the arms. The easiest way to produce this reflex is to press
the backs of the hands firmly against the sides of a doorway for about
30 seconds. Then step out with the arms retained in the same position and
they will rise spontaneously in abduction and the same cyclic movements
will occur. My own reactions are so sensitive that the pull of gravity
against my arms is sufficient to stimulate the reflex. (They become more
sensitive as one works with them and I have had quite a few years of
practice!)
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This record shows the effect of the neck reflexes on the cyclic movement.
The control position is maintained for 3 cyclic movements of the arms; the,
head is then rotated horizontally to the right. Immediately the left arm
ceases movement and remains rigidly at the side (or perhaps 20°-30° away
from midline) while the right arm moves up and down rapidly (6 cycles).
Another control run comes next for 3 cycles. Then the head is rotated to
the left and the previous movements are reversed (6 cycles). The record
is ended with three more control cycles for comparison. The records for
horizontal abduction and adduction are similar except that the amplitude
of the record is usually less - probably because of differences in the
rate of acceleration.
We are studying these reactions to get definite patterns of movement which
may be helpful in both in diagnosis of neurological conditions and in
rehabilitation, because they can be used deliberately, if the pathways
are open, to improve balance and coordination.
If I can be of any further assistance, please let me know. I should also
be interested in the results of any work your group may be doing along
similar lines.
Very sincerely yours,
Sister M. Agnita Claire, S.S.M.
Professor of Nursing
19
APPENDIX III
SUGGESTION FOR PROBLEM NO. UM-1
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BIOMEDICAL PROBLEM ABSTRACT: UM-1
What is needed: A clean and sterile atmosphere for surgical procedures
and post-surgical patient care.
Suggestion: Some of the major components of the suit loop package which
provide oxygen regulation, atmospheric purification and temperature con-
trol were integrated with the .Environmental Control System of the Gemini
spacecraft. These components, with possibly some design modifications,
may be applicable to the ventilation system required to keep a clean and
sterile atmosphere for surgical procedures and post-surgical patient care.
A carbon dioxide and odor absorber unit with added components may be
possibly integrated with the present ventilation system. (See sketch and
component function chart.) Note that the lithium hydroxide cartridge
which removes carbon dioxide and odors is replaceable.
Suggested by: Al Ignatonis
R-P&VE-PME
877-3175
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APPENDIX IV
EVALUATION OF MICROPHONE DESCRIBED
IN TECH BRIEF 66-10314
(from August 9, 1967 letter by M. L. Petrovick,
Northwestern University)
25
Monthly Report - July 1967
	
-2-	 August 9, 1967
As mentioned above, we have received the phonocardiograph microphone
invented by Mr. William Young as defined in the Government patent claim.
Upon receipt of preliminary information we were very interested in the
phonocardiograph microphone.
It was our understanding initially that the phonocardiograph's micro-
phone was capable of viewing human heart sounds from 80 to 1000 Hz, and
was flat _+ db between 100 and 1000 Hz. Upon receipt and evaluation of the
microphone we found that we could not detect heart sounds. Our amplifier
provided good electrical match for the microphone. After considerable
testing we concluded the microphone could not in fact detect heart sounds,
but instead reads only the ballistocardiogram from the thrust of the. heart.
That is, as the thoracic cage moves with each beat of the heart, we would
record the H.I.J.K./B.C.G. complex as well defined by Dock and associates.
The data recorded does confirm the microphone performance as it relates to
the piezoelectric effect. That is, a mechanical motion will create an output.
The human heart sound is not sufficient to displace the piezoelectric device
from the following standpoint:
(A) A small and inadequate air chamber on the order of 2 mm space
exists between the chest wall and the ceramic element. Hence
acoustic pressure cannot displace the element reliably to record
high frequency heart sounds.
(B) Mechanical motion will displace the element and provide a "heart pulse".
(C) The phonocardiograph microphone developed in the N.A.S.A. program
then does not detect heart sounds at all. Rather, it detects
mechanical motion of .the chest as a result of cardiac thrust.
Hence its use must have been as a heart rate or pulse sensor in
place of an EKG.
(D) The microphone will, however, record vocal sounds provided the
acoustical intensity is sufficient to displace the ceramic element.
In a follow-up telephone call with Mr. Young we pointed out the above
fact and discussed the technical aspects of the problem. We both eventually
agreed that the microphone was not a phonocardiograph transducer. I believe
the microphone amplifier specifications were interpreted as being microphone
characteristics and not heart sound microphone characteristics.
We recommended that N.A.S.A. withdraw definition of phonocardiograph
microphone or modify the device such that mechanical or acoustic coupling
be incorporated, such that heart sounds may be heard. The latter is feasible
as may be seen in some commercial devices known as "Velocity Pickups" for
heart sound work.
Based on the above evaluation we will not be able to use the device in
our heart sound instrumentation program. The device does seem to be nicely
designed and has many advantages in BCG work, tremor studies or as a general
purpose sound pressure microphone.
26
APPENDIX V
SYSTEM FOR DELIVERY OF WATER AND MEDICATION
TO THE RESPIRATORY TRACT
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APPENDIX VI
RECENT PROBLEMS SUBMITTED BY THE
UNIVERSITY OF WISCONSIN MEDICAL CENTER
29
UW-4
AN INTENSITY MEASURE OF THE ANDUNT OF MOVEMENT
OF VARIOUS LARGE MUSCLE GROUPS
Background: We are in the process of studying various stereotyped be-
haviors observed in severely mentally retarded children. At the present
time we can only record the presence or absence of these behaviors over
various time intervals. We would like to supplement these data with
meaningful measures of intensity.
One of the behaviors studied is body rocking. This involves
rhythmic swaying of the torso from front to back or side to side. The
children vary in intensity of this activity. How might this intensity
dimension be measured?
A second behavior is head rolling which involves shaking or
rolling of the head in rhythmic fashion.
A third behavior is called waving hand before the eye. This
involves holding the hand at arm's length and staring at the fingers as
they wave back and forth, as well as placing a finger close to the eye
and flicking it back and forth.
Authority: Dr. Kaufman
30
UW-5
APPARATUS FOR LEARNING RESEARCH
What is needed: A functionally, flexible apparatus for experiments on
visual learning, memory and other performance characteristics of mentally
retarded child learners. The apparatus should be such that it can be
utilized reliably by research technicians who are relatively unsophisti-
cated in the mechanical and electronic aspects of research instrumentation.
The instrument should be sufficiently compact that it can be transported
easily from school to school. The device should have the following
characteristics:
1. presentation of 16 different (visual) stimuli capable of
delivery in a randomized order up to 128 trials; (with
control of stimulus duration 0"-60");
2. four choice response capability;
3. capable of programming for trial advances, correct response
advance and lock out of incorrect response keys;
4. selection of token, visual and auditory signal reinforce-
ment for correct and incorrect response; and
5. recording of correct and incorrect responses for each
response key plus capability of recording per trial
response.
Background: The present instrument is too bulky to be transported easily..
It does not possess adequate mechanical reliability, is excessively noisy
and lacks capability of recording per trial response.
Authority: Rick Heber, University of Wisconsin
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UW-6
MONITORING DEVICE FOR AUDITORY STIMULATION AND
INFANT VOCALIZATION
What is needed: A tamper proof miniaturized device for transmission of
auditory stimulation impinging upon an infant and the infant's vocaliza-
tions. The recording instrument should be capable of picking up the
transmission external to the home where the transmission would be located
and, preferably, up to a distance of one mile. The transmitter should be
attachable to the baby's wrist, ankle or thigh without causing interference
of movement. The recording instrument should be capable of storing up to
a 12 hour sample of auditory signal actuated tape.
Background: This device is required to monitor the auditory environment
of infants under one year of mentally retarded mothers caring for their
own babies. Most of these mothers reside in a slum area of Milwaukee
creating the need for a tamper proof transmitter system and a recording
system located outside the home. The research program has two research
facilities available which are located within a one mile radius of
virtually all subjects. The transmission device presently available to
investigators is too bulky and too susceptible to tampering.
Authority: Rick Heber, University of Wisconsin
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UW-7
MONITORING DEVICE FOR MEASUREMENT OF INFANT MOTOR ACTIVITY
What is needed: A tamper proof miniaturized device for recording infant
motor activity in terms of frequency and amplitude of movement. The
device should be attachable to the infant's wrist or ankle without causing
interference of movement.
Background: Same as research problem for "Monitoring Device for Auditory
Stimulation and Infant Vocalization."
Authority: Rick Heber, University of Wisconsin.
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UW-8
August 10, 1967
What is needed: The development of solid-state timing devices which will
generate a variety of fixed durations of stimulation at random or apparently
random intervals.
Background: A large number of behavioral studies require that the dura-
tion of several stimuli be controlled as well as intervals between them.
Typically, the stimulus durations are relatively short but may vary from
50 ms to several seconds; the inter-stimulus intervals are usually longer
but may also vary from 50 ms to a minute or more. Solution of this problem
probably requires layering of timing devices with taped signals, suffi-
ciently accurate for long inter-stimulus intervals, combined with higher
accuracy timers activated by signals on the tape. With acoustic stimuli
a third layer is necessary to control the duty cycle and repetitive
pulsing of tones. Interfacing between layers offers difficulties. We
have been unable to locate a commercially available solid-state system
which uses only solid-state components, and which will allow for a wide
range of timed events, a large number of variations in timing, and control
of the sequence of events.
Authority: Dr. Frances Graham and Dr. Leonard Ross, University of
Wisconsin.
34
UW-9
August 10, 1967
What is needed: Detecting a standard point in the respiration cycle.
Background: Since variations in respiration affect cardiovascular activity,
it would be desirable, especially in studies of the learning of vasomotor
or cardiac response to stimulation, to be able to trigger stimuli from a
fixed point in a respiration cycle, such as the peak of inspiration or
expiration. However, as respiration is usually recorded in behavioral
studies, i.e., via detection of changes in thoracic circumference, there
are no sharp pulses which can activate devices such as a Schmitt trigger.
Further, there are so many minor fluctuations during a single inspiration
or expiration that a shift in the direction of voltage change could not
be used as the criterion.
Authority: Dr. Frances Graham and Dr. Leonard Ross, University of
Wisconsin.
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UW-10
TELEMETRY APPARATUS FOR RECORDING SMALL CHANGES
IN TEMPERATURE IN SMALL ORGANS OF THE MONKEY
R. K. Meyer, Department of Zoology
Design and fabricate a transmitter and receiver for changes in
temperature of organs in monkey. Sensitivity should be 0.05 - 0.02 °F.
Transmitter will be implanted or attached to surface of organs as small
as 15 mm x 6 mm x 6 mm. Material used in fabrication must produce little
or no tissue reaction. Life expectancy 2 to 6 months minimum. Appropriate
receiver is required.
Temperature to be recorded every 30 seconds to a maximum of
5 minutes.
36
UW-11
TELEMETRY APPARATUS FOR RECORDING BODY TEMPERATURE IN MONKEYS
R. K. Meyer, Department of Zoology
Design and fabricate a transmitter approximately 2 cm diameter,
0.5 cm thick or as small as possible which will telemeter changes in
body temperature. The sensitivity should be 0.05 - 0.10°F. It will be
implanted in the body cavity by attaching it to the muscle wall. It
must be leak proof and the material which comes in contact with tissues
should not produce any reaction in them.
The life of the transmitter should be 6 to 12 months.
An appropriate receiver and recorder for the transmitter should
be designed and fabricated.
Temperature should be recorded at 30 second to 5 minute inter-
vals.
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UW-12
APPARATUS FOR CONSTANT AND INTERMITTENT INFUSION OF FLUIDS
INTO VESSELS OF SMALL ANIMALS
R. K. Meyer, Department of Zoology
Design and fabricate an apparatus to infuse fluids constantly
and at variable rates into small and large blood vessels.
Volume rates should be between 0.25 - 2.5 ml per 24 hours.
Single or multiple injections of volumes of 0.10 ml to 1.0 ml
per 30 seconds to 2 minutes, with a frequency of 1 to 24 times per
24 hours will be required. Apparatus should be designed so that each
injection can be recorded automatically.
If possible machine should make injection when a lever is pushed,
and time and volume recorded.
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UW-13
RESEARCH PROBLEM
What is needed: A small sound receiver to be attached to ear of subject.
Requirements: Must be small, as unnoticable as possible, wireless with
range of at least 100-150 feet, high fidelity. Use of several in small
groups, thus requiring different frequencies.
Use: To be used by experimenter behind one-way screen to deliver either
instructions, or verbal reinforcement to subject who is present in a
free play or activity group setting.
Authority: Professor William I. Gardner, Department of Counseling and
Behavioral Studies, University of Wisconsin.
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UW=14
RESEARCH PROBLEM
What is needed: Apparatus which could be attached to upper leg or around
chest or waist area of child or adolescent to deliver a mild electric
shock.
(2) Apparatus attached to back of child or adolescent to de-
liver a loud noise or air blast.
Requirements: Small, light, wireless, adjustable remotely controlled
regarding intensity of stimulus delivered.
Use: To be used as aversive stimuli in behavior modification research
with severely-profoundly retarded.
Authority: Professor William I. Gardner, Department of Counseling and
Behavioral Studies, University of Wisconsin.
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UW-15
RESEARCH PROBLEM
What is needed: A small receiver set which could be placed in vest or
shirt worn by subject.
Requirements: Small, light, preferably built into the lining or seams
of vest. Wireless, high fidelity.
Use: To deliver an auditory cue to moderately severely retarded at the
moment appropriate or inappropriate behavior is initiated. Used by
attendant in an observation booth up to 50 to 100 feet away.
Authority: Professor William I. Gardner, Department of Counseling and.
Behavioral Studies, University of Wisconsin.
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UW-16
RESEARCH PROBLEM
What is needed: Device to place in pants or diapers of severely/profoundly
retarded to signal moment of urination or defecation.
Requirements: Light, small, wireless, inexpensive or reusable.
Use: To detect moment of urination or defecation in order to deliver
appropriate consequences in behavior shaping of toilet training.
Authority: Professor William I. Gardner, Department of Counseling
and Behavioral Studies, University of Wisconsin.
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UW-17
ROTARY JOINTS FOR SMALL TUBING
Background: In tests on small animals, small tubes are attached to the
animal for introducing various liquids to the circulatory system. The
animal is permitted to move around while the liquids are introduced through
the flexible tubing from an overhead container. Since the animal moves
about and the container is stationary, twisting of the tubing occurs which
obstructs the liquid flow. A rotary joint is required at the container
outlet which will avoid twisting of the tubing. Large rotary joints are
commercially available, but the investigator has been unable to locate
small, minimum friction joints for this application.
Source of Problem: B. D. Honeycutt, Center on Behavioral Disabilities,
University of Wisconsin, Madison, Wisconsin.
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UW-18
July 3, 1967
Recording from single neurons in the brain of an animal which
is not under the influence of anesthetic drugs and which is free to move
about or perform learned tasks is of considerable interest. These experi-
ments are dependent upon a reliable device which will advance and withdraw
a microelectrode smoothly and slowly over a distance of several millimeters.
At the same time the microdrive should be small enough so that when it is
on the head it does not interfere with the animal's behavior. It should
have no lag and the distance which the electrode moves should be measureable
to within a few microns. The drive must also be controlled remotely.
Hydraulic microdrives meet some of these requirements and have been used
with some success in several laboratories. A promising approach to the
use of hydraulic microdrives has been made by Lutz and Wagman (Electro-
enceph. clin. Neurophysiol., 1965, 18: 184-186) who employed the principal
of a rolling diaphragm. This microdrive suffers from the fact that it
is difficult to miniaturize for chronic animal studies.
Though hydraulic microdirves have proven themselves successful
as a first approach to controlling the movement of an electrode in a freely
moving animal, they all have the disadvantage that they must be connected
to a driver piston via flexible tubing. To overcome this problem, the
Department of Physiology of Johns Hopkins University in conjunction with
the Applied Physics Laboratory there is looking into the possibility of
engineering a remotely controlled microdrive which would move an electrode
by telemetered signals thus eliminating attached connections.
Development of an improved method of monitoring the electrophysio-
logical signals is also required. An initial step might be the design of
a miniature high impedence, moderate gain, low noise level amplifier which
could be mounted very close to the electrode. Such a device would reduce
or eliminate cable movement artifacts. A more desireable method, also
being pursued by the group at Johns Hopkins, would provide telemetering of
single unit potentials then removing cable connections altogether.
Proposal from Laboratory of Neurophysiology
University of Wisconsin
C. N. Woolsey, Director
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UW-19
EXERCISE APPARATUS FOR CARE OF DECORTICATE MONKEYS
In studies on the effects of brain injury on motor performance
in monkeys, Travis and Woolsey (Amer. J. Phys. Med., 1956, 35; 273-310)
were able for the first time to remove the entire cerebral cortex bilat-
erally and to preserve righting, sitting and walking in an adult monkey.
Intensive postoperative care was thought to be one of the important factors
in achieving this result.
We plan to continue studies on decorticate animals and would
like to develop motorized, automated apparatus for providing intermittent
exercise and physical therapy. As a beginning suggestion, a bicycle-like
apparatus might be constructed in which the animal could be placed with
hands and feet strapped in "gloves" and "shoes" on two sets of "pedals".
A motor drive would propel the bicycle to exercise the animal's limbs.
If in addition to flexor and extensor movements of the arms and legs the
apparatus could abduct the limbs periodically, this would be of great
value in prevention of adductor muscle contractures. The whole device
could be driven in a circular path by supporting the cycle with both
rods from a central pivot containing the motor drive, or the "pedals"
could be motor driven with the "bicycle" stationary.
It is most important to devise a means of holding the animal
in the exercise device so as to prevent friction on the skin which would
promote ulceration.
Proposal from Laboratory of Neurophysiology,
University of Wisconsin
C. N. Woolsey, Director
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APPENDIX VII
RECENT PROBLEMS SUBMITTED BY THE
UNIVERSITY OF MISSOURI MEDICAL CENTER
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University of Missouri Request for NASA Technology
TO: Biomedical Applications Team
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri
DATE: October 26, 1967
	 NO: MU-1
MEASUREMENT OF EFFECTS OF MAGNETIC AND ELECTRIC FIELDS AND
CURRENTS ON LIVING CELLS
What is Needed: A method of measuring changes in metabolic
activity of single cell organisms under the influence of
electro-magnetic fields and currents. Also a literature
search of work previously done in this area.
Background: The rate of growth of plants and mammalian tissue
can be influenced by the application of electric and magnetic
fields. The rate appears to be directly proportional to the
intensity of the applied fields and currents. It is desired
to study the more basic functions of cells under this influence
to enable one to make a more knowledgeable design of systems
for use in rapid healing of injured tissue.
Source of Problem: Blair A. Rowley
Research Associate and Electrical Engineer
University of Missouri
Missouri Regional Medical Program
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University of Missouri Request for NASA Technology
TO: Biomedical Applications Team
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri
DATE: October 26, 1967	 NO: MU-2
AUTOMATIC RECORDING OF HEART SOUNDS
What is Needed: A method for automatic recording of heart
sounds y a phonocardiogram system. Also a survey of the
state of art in this field.
Background: A method is desired for automatic recording heart
sounds in order to make correlative studies of pathological
conditions with phono-cardial frequency spectrums. Present
methods require direct contact with the chest wall. It would
be desirable to obtain the same information from the back and
through several layers of clothing. The frequencies of
interest are from 10 Hz to at least 2000 Hz. Ideally the
system should be able to respond to sound intensities of .0005
dynes/cm2 over the range of human audibility, , 20 Hz to 16000 Hz.
Source of Problem: Alan H. Purdy
Research Associate
University of Missouri
Missouri Regional Medical Program
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University of Missouri Request for NASA Technology
TO: Biomedical Applications Team
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri
DATE: October 26, 1967 	 NO: MU-3
HEMODYNAMIC IMPEDANCE OF THE VASCULAR SYSTEM
What is Needed: A bibliography of the theoretical and experi-
mental work over the past 15 years in the field of Hemodynamic
Impedance, i.e., the complex relationship between flow and
pressure in the vascular system.
Background: Some of the leaders in this field are:
D.A. MacDonald
Wormersly
M. Taylor
Attinger
Source of Problem: Alan H. Purdy
Research Associate
University of Missouri
Missouri Regional Medical Program
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University of Missouri Request for NASA Technology
TO: Biomedical Applications Team
.Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri
DATE: October 26, 1967	 NO: MU-4
AUTOMATIC BLOOD PRESSURE MEASUREMENTS
What is Needed: A method for automatic measurement of blood
pressure without entrance into the body.
ng blood pressure auto-
ure transducer into an
literature reveals that
that utilizes an automatic
sired to know what methods
ronauts, and animals.
and parts lists of
This information will
uipment for mass
Background: Current methods of measuri
matically involve insertion of a press
artery or vein. A brief scan of the
the Air Force has developed a method
cuff and microphone system. It is de
NASA has developed for monitoring ast
Construct details, schematic diagrams,
recent successful systems are desired.
be applied to aid in the design of eq
screening.
Source of Problem: Alan H. Purdy
Research Associate
University of Missouri
Missouri Regional Medical Program
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University of Missouri Request for NASA Technology
TO: Biomedical Applications Team
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri
DATE: October 26, 1967	 NO: MU-5
ELECTRICAL CHARGES OF FORMED ELEMENTS OF BLOOD
What is Needed: What methods have been developed for simple
calibration and adjustment of damping in cardiac catheters.
Background: Because of the dynamics of catheters, their size,
and requirements for sterilization the tuning of sterile
cardiac (or vascular) catheters is a major problem in catheter
laboratories. It would be of value to know the construction
diagrams and parts lists of successful systems.
Source of Problem: Alan H. Purdy
Research Associate
University of Missouri
Missouri Regional Medical Program
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University of Missouri Request for NASA Technology
TO: Biomedical Applications Team
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri
DATE: October 26, 1967
	 NO: MU-6
CHARGES ON FORMED ELEMENTS OF BLOOD
What is Needed: A literature search on the methods of measure-
ment and values obtained for the electrical charge associated
with the formed elements of the blood.
Background: Red blood cells appear to exhibit a 300 mv. charge
with respect to the average body potential. Utilizing this
property man-made devices have been built which prevent clot
formation when placed in the blood stream. In order to further
explore this approach it is desirable to know the electrical
charges of extra cellular, extra particular, and extra mole-
cular elements.
Source of Problem: Alan H. Purdy
Research Associate
University of Missouri
Missouri Regional Medical Program
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University of Missouri Request for NASA Technology
TO: Biomedical Applications Team
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri
DATE: October 26, 1967 	 NO: MU-7
DIFFERENTIAL PRESSURE BLOOD FLOW MEASUREMENTS
What is Needed: A literature search of differential pressure
methods of measuring blood flow by the use of catheters.
Background: Two names in the field are . Frey and Wormersly.
Source of Problem: Alan H. Purdy
Research Associate
University of Missouri
Missouri Regional Medical Program
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